Introduction
============

Postpericardiotomy syndrome (PPS) represents a common postoperative complication in cardiac surgery and remains an important cause of morbidity after cardiac surgery. PPS incidence after cardiac surgery has been reported as 10%--40%.[@b1-vhrm-11-373]--[@b4-vhrm-11-373] In the first week after the surgery, pericardial effusions are considered to result from surgical bleeding. Pericardial effusions occurring more than 7 days after surgery are usually related to PPS and can progress to cardiac tamponade.[@b2-vhrm-11-373] Prevalence of late pericardial tamponade after cardiac surgery varies in different studies, from 0.8% to 8.5%, and may be life threatening.[@b5-vhrm-11-373]--[@b7-vhrm-11-373] Preventive measures can reduce postoperative morbidity and mortality related to PPS, decrease management costs, and improve quality of life.

PPS is thought to be related to inflammation and autoimmune phenomena.[@b8-vhrm-11-373]--[@b10-vhrm-11-373] Cardiac surgery with cardiopulmonary bypass (CPB) is also associated with the development of a systemic inflammatory response and may enhance the development of PPS.[@b11-vhrm-11-373] Only a few studies on pharmaceutical prophylaxis to reduce the incidence of PPS have been performed thus far.[@b2-vhrm-11-373],[@b4-vhrm-11-373],[@b12-vhrm-11-373]--[@b15-vhrm-11-373]

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used for the management of postoperative pericardial effusions. NSAIDs were shown to be efficacious in the treatment of postoperative pericardial effusion.[@b16-vhrm-11-373] However, whether NSAIDs reduces the incidence of PPS after cardiac surgery is still a controversial issue. Diclofenac (2-(2,6-dichloranilino) phenylacetic acid) is an NSAID that produces analgesic, antipyretic, and anti-inflammatory effects and is widely used for the treatment of moderate pain and inflammation.

The aim of this study was to determine whether postoperative use of diclofenac sodium is effective in preventing early PPS after cardiac surgery with CPB. As far as we know, this was the first study to evaluate the efficacy of diclofenac in prevention of PPS after cardiac surgery.

Materials and methods
=====================

Study population
----------------

The present study was approved by the Diyarbakir Gazi Yasargil Education and Research Hospital ethics committee and complies with the requirements of the Declaration of Helsinki. We retrospectively reviewed the medical records of patients who underwent elective first-time cardiac surgery with CPB between January 2011 and June 2014. A total 100 patients who were administered 50 mg oral diclofenac sodium (Dikloron 50 mg; Deva İlaç, İstanbul, Turkey) every 8 hours starting the first day after surgery and continuing until hospital discharge were included in this study. A further 100 patients undergoing cardiac surgery who were not administered NSAIDs in the postoperative period were included as the control group.

The exclusion criteria were gastroduodenal ulcer; previous history of gastrointestinal hemorrhage; renal failure; hepatic failure; hematologic disorders; rheumatic heart disease; emergency procedures; poor ventricle function; coronary artery disease; no postoperative echocardiography available; postoperative effusion in the first week after the surgery; corticosteroids in the perioperative period; international normalized ratio (INR) values above the therapeutic range; and contraindications to diclofenac.

The primary end point was the occurrence of PPS and cardiac tamponade. The diagnosis of PPS was established when the patient met two of the five following criteria: unexplained postoperative fever lasting beyond the first postoperative week, pleuritic chest pain, pericardial or pleural friction rub, new pleural effusion, and new pericardial effusion after surgery.[@b2-vhrm-11-373]

Data collection
---------------

Demographic, clinical, and laboratory parameters were collected from patients' medical records. All chest X-rays and echocardiograms were reassessed. Patients' temperature was obtained from patients' charts.

Transthoracic echocardiography and chest X-ray were performed before discharge and on postoperative day 15±1 in all patients, as a part of a standard protocol for postoperative management. The existence and severity of pericardial effusion were determined by echocardiography. In our hospital, pericardial effusion is evaluated in all available echo windows and measured during the diastolic cardiac phase. The size of the pericardial effusion was graded as: mild (echo-free space in diastole \<10 mm), moderate (10--20 mm), or large (\>20 mm). Cardiac tamponade was defined as a hemodynamically significant cardiac compression caused by pericardial fluid. Late pericardial tamponade was defined as a pericardial effusion occurring after 7 days postoperative. The existence and severity of pleural effusion were determined by chest X-ray. The size of the pleural effusion was graded as: below level of the diaphragm; \<25% of the thorax; \>25% of the thorax.

The use of oral diclofenac for postoperative analgesia is a standard of practice in our clinic except in patients with ischemic heart disease. In patients with ischemic heart disease or contraindications to diclofenac, paracetamol was given for postoperative analgesia. After discharge, oral paracetamol was provided for analgesia. In all patients, aspirin was discontinued 1 week before surgery and was resumed within 6--12 hours after surgery. All patients received a gastroprotective agent (lansoprazole) in the perioperative period.

Statistical analysis
--------------------

Statistical analysis was conducted using SPSS for Windows version 17 (SPSS Inc. Chicago, IL, USA). All variables were investigated using visual (histograms, probability plots) and analytic methods (Kolmogorov--Smirnov test) to determine whether or not they were normally distributed. Continuous variables were reported as means and standard deviation for normally distributed variables and as medians and interquartile range (IQR) for the non-normally distributed variables. Categorical variables were presented using numbers and percentages.

Patients were divided into two subgroups according to whether they received diclofenac or not. Comparison between two groups was performed using the *χ*^2^ and fisher exact test for qualitative variables, independent *t*-test for normally distributed continuous variables, and the Mann--Whitney *U*-test for non-normally distributed continuous variables. Patients were further categorized into two subgroups according to the presence or absence of PPS. A similar analysis to that earlier was made for PPS groups. Logistic regression analysis was used to evaluate the associations between PPS and diclofenac administration. *P*-values \<0.05 were considered statistically significant.

Results
=======

Study population
----------------

A total of 200 patients were included in the study. Clinical characteristics of the patients who received diclofenac (n=100; 62 males; mean age 52.09±8.4 years) and the patients who were not given NSAIDs (n=100; 51 males; mean age 52.1±7.9 years) are presented in [Table 1](#t1-vhrm-11-373){ref-type="table"}. There were no statistically significant differences in demographic and clinical characteristics between the two groups. No gastrointestinal bleeding was observed in patients who received diclofenac.

Effects of diclofenac administration on PPS occurrence
------------------------------------------------------

PPS incidence was significantly lower in patients who received diclofenac than in those who were not given diclofenac (*P*\<0.001). Patients given diclofenac had a significantly lower incidence of pericardial effusion (*P*=0.01). There was no significant difference in the severity of pericardial and pleural effusion between the two groups. Although not statistically significant, pericardial and pleural effusion was more severe in the control group than in the diclofenac group. The efficacy of diclofenac for the primary prevention of PPS is presented in [Table 2](#t2-vhrm-11-373){ref-type="table"}.

Patients were further categorized into two subgroups according to the presence (n=63; 30 males; mean age 50.9±9.4 years) or absence (n=137; 83 males; mean age 52.6±7.4 years) of PPS ([Table 3](#t3-vhrm-11-373){ref-type="table"}). The mean duration of diclofenac treatment was 5.11±0.47 days in patients with PPS and 5.27±0.61 days in patients who did not have PPS (*P*=0.07). [Table 3](#t3-vhrm-11-373){ref-type="table"} shows the comparison of clinical characteristics in patients with or without PPS. There were no statistically significant differences in clinical characteristics between the two groups.

Multivariate analysis
---------------------

Logistic regression analysis demonstrated that diclofenac administration (odds ratio \[OR\] 0.34, 95% confidence interval \[CI\] 0.18--0.65, *P*=0.001) was independently associated with PPS occurrence after correction for age, male sex, X-clamp time, and CPB time. The results of the logistic regression analysis are presented in [Table 4](#t4-vhrm-11-373){ref-type="table"}.

Discussion
==========

Diclofenac administration was found to be protective against PPS in patients undergoing cardiac surgery. Patients given diclofenac had a lower incidence of pericardial effusion. Although not statistically significant, pericardial and pleural effusion was more severe in the patients who did not receive diclofenac.

PPS is considered as an immune-mediated inflammatory process triggered by cardiac antigen exposure.[@b8-vhrm-11-373]--[@b10-vhrm-11-373],[@b17-vhrm-11-373],[@b18-vhrm-11-373] Myocardial muscle injury during operation leads to release of autoantigens. The release of these autoantigens can trigger host immune responses, with subsequent production of anti-heart antibodies and immune complexes. Engle et al showed the presence of anti-heart antibody at high titers in PPS patients.[@b17-vhrm-11-373] De Scheerder et al found a significant correlation between the development of PPS and increased immune complexes. The researchers also demonstrated a significant correlation between postoperative anti-heart antibodies and increased immune complexes, suggesting a possible pathogenic role.[@b19-vhrm-11-373] Maisch et al further examined the subtypes of specific autoantibodies and showed that 95% of their patients with PPS had antibodies to myocardium and skeletal muscle. Surgery and trauma were hypothesized etiologies for the myocardial injury that caused the release of these myocardial antigens.[@b20-vhrm-11-373] Furthermore, cardiac surgery with CPB initiates a systemic inflammatory response and this may enhance the development of PPS.[@b11-vhrm-11-373]

Diclofenac is a nonselective NSAID that is widely used for pain management and for the treatment of inflammation. It is known that diclofenac inhibits both cyclooxygenase (COX)-1 and COX-2 and suppresses prostaglandin synthesis in the injured tissues and the central nervous system. Diclofenac is readily absorbed after oral administration, and about half the active substance is metabolized during its first passage through the liver. Diclofenac is extensively bound to (≥99.5%) serum albumin. It is metabolized in the liver, and the mean terminal drug half-life in plasma is between 1 hour and 2 hours after oral doses. Several possible mechanisms explain how diclofenac may reduce the PPS incidence. Diclofenac inhibits the activity of COX, which catalyses conversion of arachidonic acid to inflammatory mediators, including prostaglandins, thromboxanes, and prostacyclins. Moreover, diclofenac is reported to inhibit phospholipase A2 and the synthesis of leukotrienes.[@b21-vhrm-11-373] Diclofenac also impairs migration and accumulation of leukocytes and diminishes NO production by macrophages.[@b22-vhrm-11-373]--[@b26-vhrm-11-373] Kv1.3 voltage-dependent potassium channels play a crucial role in the activation and proliferation of T-lymphocytes and macrophages. Patients with autoimmune diseases show a high number of effector memory T-cells, which are characterized by a high expression of Kv1.3, and Kv1.3 inhibitors were shown to ameliorate autoimmune disorders in vivo.[@b27-vhrm-11-373] A previous study found that diclofenac inhibits the expression of Kv1.3 voltage-dependent potassium channels in macrophages and T lymphocytes, which was accompanied by impaired inflammatory response in these cells. It was concluded that diclofenac administration could provide additional benefits in therapies against autoimmune diseases associated with inflammation. Finally, inhibition of the Kv1.3 voltage-dependent potassium channels in macrophages and T lymphocytes may be another mechanism accounting for the efficacy of diclofenac in reducing the incidence of PPS after cardiac surgery.[@b28-vhrm-11-373]

Previous study examined the efficacy of NSAIDs in the treatment of PPS. In a double-blind, placebo-controlled, randomized study in 149 adults, Horneffer et al examined the safety and efficacy of ibuprofen and indomethacin for the treatment of PPS after cardiac surgery.[@b16-vhrm-11-373] Patients received a 10-day course of ibuprofen or indomethacin. Ibuprofen and indomethacin were 90.2% and 88.7% effective, respectively, and both were significantly more effective than placebo. On the other hand, Meurin et al conducted a double-blind, randomized trial to assess whether diclofenac was effective in reducing postoperative pericardial effusion volume.[@b29-vhrm-11-373] The researchers administered 50 mg diclofenac twice daily for 14 days for postoperative effusion lasting more than 7 days. Diclofenac failed to reduce the either the size of the effusion or the progression to cardiac tamponade.

While several studies examined the efficacy of NSAIDs in the treatment of PPS, only a few studies focused on the role of NSAIDs in primary prevention of PPS. Niva et al conducted a randomized study to evaluate the efficacy of the prophylactic use of diclofenac in the prevention of pericardial effusion after coronary artery bypass surgery.[@b30-vhrm-11-373] Diclofenac sodium was administered orally every 8 hours to 22 patients after the discharge from the intensive care unit for 5.2±1.2 days. They found that diclofenac lessened the degree of inflammatory reaction after cardiac surgery and suggested it might be useful in the prevention and in the management of early pericardial effusions after cardiac surgery. However, these differences were not statistically significant, and the authors acknowledged that their study was underpowered to detect the beneficial effects of diclofenac. Our study differs from this study in that we evaluated the protective effect of diclofenac in patients with PPS. Early pericardial effusions are probably related to pericardial bleeding and perioperative trauma and may not respond to anti-inflammatory agents. Béland et al examined the efficacy of a prophylactic regimen of acetylsalicylic acid (ASA) on the incidence of pericardial effusion in 74 children aged 0.3--21.4 years after cardiac surgery with CPB.[@b31-vhrm-11-373] Patients were randomized to receive aspirin 60 mg/kg/day for 7 days starting on the third postoperative day. The researchers showed that aspirin had no protective effect on the occurrence of pericardial effusion in this small series of patients. However, this study was also not powered to detect the potential effects of ASA on pericardial effusions, and the study group was heterogeneous with respect to age groups and etiology -- the study group included both children and adults. In addition, patients were not evaluated in terms of PPS. Gill et al evaluated the effectiveness of ASA prophylaxis in preventing PPS after surgical closure of atrial septal defects in pediatric patients.[@b12-vhrm-11-373] The study group received prophylactic ASA 20--50 mg/kg/day for 1--6 weeks after surgery. The researchers showed that ASA had no protective effect on the occurrence of PPS in pediatric patients. Nevertheless, the authors acknowledged that ASA prophylaxis dose and duration were variable or poorly documented. As opposed to the results of these studies, we found a protective effect of diclofenac against PPS. This discrepancy is likely due to study design. Our study was designed to evaluate the protective effect of diclofenac in adult patients with PPS. It is known that immune response to a stimulus may differ between adults and children.[@b32-vhrm-11-373] The discrepancies could also have been caused by the use of strict exclusion criteria in our study.

This study had some limitations. First, the major limitation of our study was related to the definition of PPS, because there is no general agreement on how to diagnose the syndrome -- there are no pathognomonic features of this condition. Second, this was a retrospective study. Finally, we were not able to undertake a detailed safety analysis of diclofenac, due to the retrospective design of our study.

Conclusion
==========

Postoperative administration of diclofenac may have a protective role against the development of PPS in patients undergoing cardiac surgery. Thus, diclofenac administration may be useful to reduce postoperative morbidity and mortality related to PPS, thereby decreasing management costs and improving quality of life after cardiac surgery.
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###### 

Clinical characteristics of the patients

                                 Diclofenac group (n=100)   Control group (n=100)   *P*-value
  ------------------------------ -------------------------- ----------------------- -----------
  Age, years                     52.09±8.4                  52.1±7.9                0.96
  Male                           62                         51                      0.11
  HT                             57                         55                      0.89
  DM                             34                         30                      0.64
  Smoking                                                                           
  COPD                           20                         27                      0.31
  Operation                                                                         
   Atrial septal defect          6                          4                       0.74
   Ascending aorta replacement   18                         23                      0.48
   MVR                           40                         37                      0.77
   AVR                           28                         32                      0.64
   AVR+MVR                       8                          4                       0.37
  CPB time, min                  104.7±29.6                 101.2±27.9              0.38
  X-clamp time, min              68±22.8                    65.6±20.3               0.41
  Medications                                                                       
   Warfarin                      79                         78                      0.86
   ACE inhibitor/ARB             60                         63                      0.66
   Amiodarone                    18                         11                      0.16
   Diuretic                      66                         64                      0.76
   β-blocker                     81                         85                      0.45
   Statin                        10                         15                      0.28
   Ca channel blocker            13                         17                      0.42
  Side effects                                                                      
   GI bleeding                   0                          0                       

**Note:** Values were expressed as n or as mean ± SD.

**Abbreviations:** ACE inhibitor, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; AVR, aortic valve replacement; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; DM, diabetes mellitus; GI, gastrointestinal; HT, hypertension; MVR, mitral valve replacement; SD, standard deviation; min, minutes.

###### 

Efficacy of diclofenac for the prevention of postpericardiotomy syndrome

                                       Diclofenac group (n=100)   Control group (n=100)   *P*-value
  ------------------------------------ -------------------------- ----------------------- -----------
  PPS                                  20                         43                      \<0.001
  Postoperative pericardial effusion   15                         30                      0.01
   Mild, \<10 mm                       12                         19                      0.1
   Moderate, 10--20 mm                 3                          7                       0.44
   Large, \>20 mm                      1                          3                       0.49
  Cardiac tamponade                    0                          4                       0.12
  Pleural effusion                     8                          16                      0.08
  Below level of diaphragm             6                          13                      
   \<25% of the thorax                 1                          2                       
   \>25% of the thorax                 1                          1                       

**Note:** Values are expressed as n.

**Abbreviation:** PPS, postpericardiotomy syndrome.

###### 

Comparison of clinical characteristics in patients with or without postpericardiotomy syndrome

                                           Postpericardiotomy syndrome   *P*-value     
  ---------------------------------------- ----------------------------- ------------- ------
  Age, years                               50.9±9.4                      52.6±7.4      0.16
  Male                                     30 (47.6)                     83 (60.6)     0.09
  HT                                       31 (49.2)                     81 (59.1)     0.19
  DM                                       19 (30.2)                     45 (32.8)     0.7
  Smoking                                  27 (42.9)                     51 (37.2)     0.45
  COPD                                     15 (23.8)                     32 (23.4)     0.94
  Operation                                                                            
   Atrial septal defect                    5 (7.9)                       5 (3.6)       0.2
   Ascending aorta replacement             17 (27)                       24 (17.5)     0.12
   MVR                                     26 (41.3)                     51 (37.2)     0.58
   AVR                                     12 (19)                       48 (35)       0.02
   AVR+MVR                                 3 (4.8)                       9 (6.6)       0.61
  CPB time, min                            98.4±30.8                     105.02±27.6   0.13
  X-clamp time, min                        62.8±20.9                     68.6±21.6     0.07
  Duration of diclofenac treatment, days   5.11±0.47                     5.27±0.61     0.07
  Medication use                                                                       
   Warfarin                                46 (73)                       111 (81)      0.2
   ACE inhibitor/ARB                       42 (66.7)                     81 (59.1)     0.3
   Amiodarone                              10 (15.9)                     19 (13.9)     0.7
   Diuretic                                92 (67.2)                     38 (60.3)     0.34
   β-blocker                               55 (87.3)                     111 (81)      0.27
   Statin                                  9 (14.3)                      16 (11.7)     0.6
   Ca channel blocker                      11 (17.5)                     19 (13.9)     0.5

**Note:** Values were expressed as n (%) or as mean ± SD.

**Abbreviations:** ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; AVR, aortic valve replacement; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; DM, diabetes mellitus; HT, hypertension; MVR, mitral valve replacement; SD, standard deviation; min, minutes.

###### 

Results of the logistic regression analysis

                              OR     95% CI       *P*-value
  --------------------------- ------ ------------ -----------
  Age                         0.97   0.93--1.01   0.15
  Male sex                    1.58   0.84--2.99   0.15
  CPB time                    0.99   0.97--1.02   0.8
  X-clamp time                0.99   0.96--1.01   0.51
  Diclofenac administration   0.34   0.18--0.65   0.001

**Abbreviations:** CI, confidence interval; CPB, cardiopulmonary bypass; OR, odds ratio.
